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Agriculture is the basis of national economy and food production is the core of 
the basis, which means food security plays a significant role in people's life and social 
stability. However, as the accelerating process of industrialization and urbanization in 
China, millions of farmer workers migrated spontaneously from country to city, from 
agricultural section to non-agricultural section. From the theory of induced technical 
change, relatively infrequent inputs will induce the substitution of abundance inputs 
which indicts that the lack of agricultural labor may lead to substitutions of other 
factors.in food production.  
It is widely acknowledged that agriculture must step up production if the food 
needs of growing populations are to be met. To ensure the food security, growing 
agricultural labor shortage will cause the presence of some other alternative factors of 
production to substitute famer workforce. On one hand, the progress in biological 
technology, for example, increasing high performance fertilizers, pesticides and other 
chemical inputs, can compensate for land defects in its deficient supply elasticity 
aspect. On the other hand, agricultural labor shortage can be relieved by mechanical 
technology progress, which also improves the level of mechanization of agriculture. 
This tendency leads to the substitution of capital for labor. However, during this 
process, there is no doubt that both chemical fertilizers and agricultural machinery 
will cause an increase in fossil energy consumption in rural areas. Therefore, in 
China’s food security issues and energy consumption research, it is meaningful to 
explore that to what degree labor force shifts behavior has impacts on food production. 
Analyzing roles of direct and indirect energy consumption in food production, as well 
as energy substitution effects on rural workforce, deserves our serious considerations. 
This paper takes national food production data as research object for empirical 
analysis, mainly referencing theoretical achievements of Translog Production 
Function model and other theoretical results. Considering rural labor transfer issue, 
which is caused by the industrialization of China, this article tries to have insight on 















food production security. It’s worth noting that, in this paper, we define food as crops 
which include rice, wheat, corn and soybeans. Based on Translog Production Function, 
we choose 24-year time series data of national food production, during the period of 
1990 - 2013, as samples for empirical analysis. Due to the presence of severe 
multicollinearity between variables in the Translog Production Function model, this 
article uses Ridge Regression method to process time series data in order to obtain 
correlation coefficients and calculate output elasticity of energy, labor and capital, 
respectively. With these data, we then derive the elasticity of substitution among these 
three main inputs to further analyze their substitution relationship, especially 
relationship between labor and energy. We try to analyze and forecast the changing 
trend of energy input in food production while confronting shrinking labor force and 
put forward the corresponding policy measurements and suggestions. 
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